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E
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R
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V
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p
l
e
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b
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b
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p
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p
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p
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c
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c
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c
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b
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c
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c
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c
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c
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c
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c
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c
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c
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.
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p
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p
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i
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R
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J
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:
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V
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i
t
e
 
a
 
s
u
m
m
a
r
y
 
o
f
 
t
h
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c
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p
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h
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l
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R
E
S
O
U
R
C
E
 
P
A
C
K
A
G
E

-
2

W
r
i
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h
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p
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c
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c
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p
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f
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i
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c
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c
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R
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P
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P
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h
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c
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c
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n
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c
l
e
a
r
 
R
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c
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R
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P
A
C
K
A
G
E
 
6
 
-
1

"
A
t
o
m
i
c
 
S
a
f
e
t
y
"

a



a C
O

(
2
)
 
c
o
m
m
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n
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t
y
 
h
e
a
l
t
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e
n
v
i
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o
n
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p
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p
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p
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c
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c
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c
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c
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p
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P
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i
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4

,
.
.
.

'
?

-
7
-

0



W
h
e
n
 
a
n
d
 
;
t
h
e
r
e

4D

O

w
a
s
 
t
h
e
 
f
i
r
s
t

s
e
l
f
-
s
u
s
t
a
i
n
i
n
I

n
u
c
J
.
e
a
r
 
r
e
a
c
t
o
r
 
p
U
t
 
i
n
t
o
 
o
p
e
r
a
t
i
o
n
?

i
n
 
w
h
i
c
h
 
n
u
c
l
e
a
r
 
e
n
e
r
g
y
 
i
s
 
p
r
e
s
e
n
t
l
y
 
b
e
i
n
g
.
 
u
s
e
d
.

t
h
r
e
e
 
p
o
s
s
i
b
l
e
 
f
u
t
u
r
e
 
u
s
e
s
 
o
f
 
n
u
c
l
e
a
r
e
n
e
r
g
y
 
t
h
a
t
 
a
r
e
 
n
o
w
 
b
e
i
r
i
g
'
i
n
v
e
a
t
i
g
a
t
e
d
.

r

4



R
E
S
O
U
R
C
E
 
P
A
C
K
A
G
E
 
2
 
-
1

D
I
A
G
R
A
M
S
 
O
F
 
S
O
M
E
 
A
T
O
M
S

0

4
1
.

T
h
e
 
s
i
z
e
 
o
f
 
a
n
 
a
t
o
m
,
 
e
v
e
?
 
h
e
 
l
a
r
g
e
s
e
a
t
o
m
,
 
i
s
 
s
o
 
s
m
a
l
l
 
t
h
a
t
 
m
a
n

b
a
s
'
n
o
t
)
b
e
e
n
 
a
b
l
e
 
t
o

s
e
e

o
n
e
 
w

e
x
i
s
t
i
n
g
 
o
p
t
i
c
a
l
 
a
s
s
i
s
t
a
n
c
e
.

H
o
w
e
v
e
r
,
 
f
r
o
m
 
t
h
e
 
b
e
h
a
v
i
o
r
 
o
f
 
a
t
o
m
s
 
i
n
 
m
a
n
y
 
d
i
f
f
e
r
e
n
t

e
x
p
e
r
i
m
e
n
g
,

t
i
s
t
s
 
h
a
v
e
 
b
e
e
n
 
a
b
l
e
 
t
o
'
m
a
k
e
 
s
e
x
e
r
4
1
 
i
n
f
e
r
e
n
c
e
s
 
a
b
o
u
t
 
t
h
e
i
r
 
s
t
r
u
c
t
u
r
e
.

S
o
m
e
 
o
f
 
t
h
e
s
e
A
a
i
l
t
:

a

4

1
.

A
l
l
 
A
t
o
m
s
,
 
f
r
o
m
 
t
h
e
 
l
i
g
h
t
e
s
t
,
 
w
h
i
c
h
 
i
s
 
h
y
d
r
o
g
e
n
,
 
t
o
 
t
h
e

e
a
v
i
e
s
t
 
w
h
i
c
h
 
o
c
c
u
r
s
 
n
a
t
u
r
a
l
l
y
,

u
r
a
n
i
u
m
,
 
a
r
e
 
c
o
m
p
o
s
e
d
 
o
f
 
s
u
b
a
t
o
m
i
c
 
p
a
r
t
i
c
l
e
s
.

-

2
.

A
l
l
 
a
t
o
m
s
 
h
a
v
e
 
a
 
c
o
m
p
a
c
t
 
c
e
n
t
r
a
l
 
s
t
r
u
c
t
u
r
e
 
c
a
l
l
e
d
;
 
t
h
e
 
n
u
c
l
e
u
s
,

w
h
i
c
h

h
a
s
 
o
n
e
 
o
r
 
m
o
r
e

p
r
o
t
o
n
s
(
p
o
s
i
t
h
e
l
y
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
)
 
i
n
 
i
t
.

1

s
c
i
e
n

.
3
.

A
l
l
 
a
t
o
m
s
 
e
x
c
e
p
t
 
h
y
d
r
o
g
e
n
 
a
l
s
o
 
h
a
v
e
 
o
n
e
 
o
r
 
m
c
i
l
i
g

,
n
e
u
t
r
o
n
s
 
p
r
e
s
e
n
t
 
i
n
 
t
h
e
 
n
u
c
l
e
u
s
.
 
_
T
h
e
s
e

n
e
u
t
r
o
n
s
 
h
a
v
e
 
n
o
.
c
h
a
r
g
e
.

4
,

a
t

4
.

N
e
g
a
t
i
v
e
l
y
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
,
 
m
u
c
h
 
s
m
a
l
l
e
r
 
t
h
a
n
 
p
r
o
t
o
n
s
 
a
n
d
 
n
e
u
t
r
o
n
s
,
 
m
o
v
e
 
i
n

"
o
r
b
i
t
s
"

a
r
o
u
n
d
 
t
h
e
 
n
u
c
l
e
u
s
.

T
h
e
s
e
 
a
r
e
 
e
l
e
c
t
r
o
n
s
.

,
i

1
6

'
4

-
A

5
.
'
 
T
h
e
s
e
 
e
l
e
c
t
r
o
n
s
 
a
r
e
 
a
r
r
a
n
g
e
d
 
a
t
 
v
a
r
y
 
n
g
.
d
i
s
t
a
n
c
e
s
 
f
r
o
t
h
.
t
h
e
-
n
u
c
l
e
u
s
 
i
n
 
e
n
e
r
g
y
 
l
e
v
e
l
s

-
r
e
f
e
r
r
e
d
-
t
o
 
a
s
 
"
s
h
e
l
l
s
.
"

i
t
.

,

(
.

,1
1

.
T
h
e
 
9
2
 
e
l
e
m
e
n
t
s
 
t
h
a
t
 
o
c
c
u
r
 
i
n
 
n
a
t
t
g
e
,
 
a
l
o
n
g
 
w
i
t
h
 
t
h
e
 
1
1
 
t
r
a
a
s
U
r
,
w
f
U
m
 
e
l
e
m
e
n
t

f
o
r
m
e
d
 
b
y

m
a
n
 
i
n
 
t
h
e
 
l
a
b
o
r
a
t
o
r
y
,
 
a
r
e
 
a
r
r
a
n
g
e
 
I
n
t
o
 
a
.
"
P
e
r
i
o
d
i
c
 
C
h
a
r
t
 
o
f
 
t
h
e

E
l
e
m
e
n
t
s
.
"

A
n
 
e
l
e
-

'
m
e
n
t
'
s
 
p
o
s
i
t
i
o
n
 
o
n
 
t
h
i
s
 
c
h
a
r
t
.
i
s
 
d
e
t
e
r
m
i
n
e
d
 
b
y
 
t
h
e
 
n
u
m
b
e
r
'
o
f
 
p
r
o
t
o
n
s
 
p
r
e
s
e
n
t
 
i
n
 
t
h
e

n
u
c
l
e
u
s
.

T
h
i
s
 
n
u
m
b
e
r
 
i
s
 
u
s
u
a
l
l
y
 
i
n
d
i
c
a
t
e
d
 
t
o
 
t
h
e
 
s
q
u
a
r
e
 
o
n
 
t
h
e
 
t
a
b
l
e
 
a
l
o
n
g
 
w
i
t
h
 
t
h
e

c
h
e
m
i
c
a
l
 
s
y
m
b
o
l
 
f
o
r
 
t
h
e

,

t

7
.
\
T
h
e
 
A
t
o
o
t
e
 
M
a
s
s
 
N
u
m
b
e
r
 
(
A
M
U
)
 
A
e
r
 
e
a
c
h
 
e
l
e
m
e
n
t
 
i
s
 
a
l
s
o
 
f
o
u
n
d
 
i
n
 
t
h
e
 
s
q
u
a
r
e
 
w
i
t
h
 
t
h
e
 
.
,
,
l
e
t
-

,

t
e
a
r
s
 
t
h
a
t
 
s
y
m
b
o
l
i
z
e
 
t
h
e
 
n
a
m
e
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t
.

/
t
 
i
s
-
a
p
p
r
o
z
i
m
a
t
e
l
y
 
t
h
e
 
s
u
m
 
o
f
 
t
h
e
 
p
r
o
t
o
n
s
,
-
-
-
-
-
-
-

.

a
n
d
 
t
h
e
w

u
t
r
o
n
s
 
p
r
e
s
e
n
t
-
1
n
 
t
h
e
.
n
u
c
l
e
u
s
.
-
-
 
T
h
e
r
e
f
o
r
e
,
 
i
t
 
g
r
 
t
h
e
 
l
a
r
g
e
r
 
o
f
 
t
h
e
 
t
w
o
 
n
u
i
l
l

.

.
.

b
e
r
s
.



4

8
.

I
n
 
,
d
r
a
w
i
n
g
s
 
a
n
d
'
m
o
d
e
l
s
 
r
e
p
r
e
s
e
n
t
i
n
g
 
a
t
o
m
s
,

g
i
a
i
l
e
 
a
n
d
 
p
r
o
p
o
r
t
i
o
n
'
a
r
e
 
n
o
t
 
o
b
s
e
r
V
e
d
;
 
b
u
t

4
1
.
r
e
l
a
t
i
v
e
 
p
o
s
i
t
i
o
n
s
 
o
f
 
p
a
r
t
i
c
l
e
s
 
a
n
d
 
t
h
e
i
r
 
n
u
m
b
e
r
s
 
a
r
e
 
s
h
o
w
n
.

.
A
d
d
i
t
i
o
n
a
l
 
s
u
b
a
t
o
m
i
c
 
p
a
r
t
i
c
l
e
s
,
 
w
i
t
h
 
w
h
i
C
h
 
w
e
 
w
i
l
l
 
n
o
t
 
b
e
 
c
o
n
c
e
r
n
e
d

b
e
e
n
 
i
d
e
n
t
i
f
i
e
d
 
a
n
d
/
o
r
 
p
o
s
t
u
l
a
t
e
d
.
'
 
T
h
r
e
e
 
n
e
w

.
o
n
e
s
 
w
e
r
e
 
i
n
d
e
n
t
i
f
i
e
d

a
t
 
t
h
i
s
 
t
i
t
h
e
,
 
I
m
r
e

i
n
 
l
a
t
e
.
1
9
7
4
.

O
n
e
 
o
f
 
t
h
e
 
m
o
s
t
 
f
r
e
q
u
e
n
t
l
y
 
u
s
e
d
 
t
w
o
-
d
i
m
e
n
s
i
o
n
a
l
 
d
i
a
g
r
e
m
h
 
o
f
 
t
h
e
 
a
t
o
m
 
w
a
s
 
d
e
v
i
s
e
d
 
b
y
 
D
a
n
i
s
h
'
p
h
y
s
i
c
i
s
t

.
.

.
'
.

a
n
d
N
o
b
e
f
i
s
t
u
r
e
a
t
,
 
t
i
l
e
'
s

B
o
h
r
.

W
h
e
n
 
t
h
i
s
 
d
i
a
g
r
a
m
 
i
s
u
s
e
d
#
 
c
o
n
c
e
n
t
r
i
c
 
o
r
b
i
t
s
,
 
o
r
 
s
h
e
l
l
s
,
 
s
u
r
r
o
u
n
d
 
t
h
e

1
.

g
t

,
.
.

,
.

-
n
u
c
l
e
u
s
.
,
 
I
f
 
-
a
n
 
e
l
e
t
t
r
i
c
a
l
l
y
 
n
e
u
t
r
a
l
 
(
b
a
l
a
n
c
e
d
)
 
a
t
o
m
,
 
i
s
 
t
o
.
 
h
p
 
s
h
o
w
n
t
h
e
r
e
 
w
i
l
l
 
b
e
 
o
n
e
 
e
l
e
c
t
r
o
n
 
(
-
)
 
i
n

.

a
n
 
o
r
b
i
t
s
 
o
r
.
s
h
e
l
l
,
 
f
o
r
 
e
a
c
h
 
p
r
o
t
o
n
 
6
5
.
 
f
n
'
t
h
e
 
n
u
c
l
e
u
s
.

T
h
e
 
o
r
b
i
t
s
 
m
a
y
 
b
e
 
n
u
m
b
e
r

,
I
,
 
I
I
,

o
r
 
d
e
s
i
g
n
a
t
e
d
 
w
i
t
h
 
t
h
e
 
l
e
t
t
e
r
s
,
 
K
,
 
L
,
 
M
,
 
N
,
 
e
t
c
.
 
.
 
I
n
 
e
i
t
h
e
r
 
c
a
s
e
,
 
o
r
b
i
t
 
I

K
 
i
s
 
n
e

r
e
s
t
 
t
h
e
 
e
u
e
l
e
u
s

.
I*

a
n
d
 
h
a
s

i
m
a
x
i
a
x
l
m
 
o
f
 
t
w
o
 
e
l
e
c
t
r
o
n
s
 
i
n
 
i
t
.

E
a
c
h
s
u
b
s
e
q
u
e
n
t
'
A
e
l
l
 
h
a
s

a
 
m
a
x
i
m
u
m
 
n
u
m
b
e
r
 
o
f
 
e
l
e
c
t
r
o
n
A
.
e
s

*
-

15

I
 
o
r
 
K
 
=

2
 
a
l
e
d
t
r
o
n
s

I
T
 
o
r
 
L

§
e
l
e
c
t
r
o
n
s

I
I
I
 
o
r
 
i
t
 
m

8
.
o
r
.
1
8
 
e
l
e
c
t
r
o
n
s

I
V
 
o
r
,
N
 
=
3
2
l
e
9
t
r
o
n
s

V
 
o
r
 
0
 
=
1
8
 
e
l
e
c
t
r
o
n
s

V
I
 
o
r
 
P
 
=
2

8
 
e
l
e
c
t
r
o
n
s

.

V
I
I
 
o
r
 
Q
 
=
 
i
2
 
e
l
e
c
t
r
o
n
s

-
1
0
-

a



T
h
e
 
e
l
e
c
t
r
o
n
s
 
i
n
 
o
r
b
i
t
s
 
n
e
a
r
e
s
t
.
q
4
 
n
u
c
l
 
e
u
s
 
h
a
v
e
 
t
h
e
 
l
o
w
e
:
S
t
 
e
n
e
r
g
y
 
l
e
v
e
l
s
 
a
n
d
 
a
r
e
 
t
h
e
 
m
o
s
t
 
s
t
a
b
l
e
 
/
m
o
s
t

_
d
i
f
f
i
c
u
l
t
 
t
o
 
p
u
l
l
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
n
u
c
l
e
u
s
)
.

O
n
 
a
 
p
i
e
c
e
 
o
f

n
 
o
t
e
b
o
o
k
p
a
p
e
r
,
 
c
o
p
y
 
t
h
e
 
d
r
a
w
i
n
g
s
 
b
e
l
o
w
;
 
t
h
e
n
m
a
k
e
 
t
h
e
 
a
d
d
i
t
i
o
n
a
l
 
d
r
a
w
i
n
g
s
 
t
h
a
t
 
a
r
e
-

r
e
q
u
e
s
t
e
d
 
(
r
e
f
e
r
 
t
o
 
R
e
s
o
u
r
c
e
 
P
a
c
k
a
g
e
 
2
-
3
 
f
o
r
 
a
 
P
e
r
i
o
d
i
c
 
T
a
b
l
e
 
o
f
,
 
T
h
e
"
 
E
l
e
m
e
n
t
s
a
n
d
 
a
 
T
a
b
l
e
 
o
f
 
I
n
t
e
r
n
a
t
i
o
n
a
l

.

R
e
l
a
t
i
v
e
.
A
t
o
m
i
c
 
M
a
s
s
e
s
)
.

I.
H
y
d
r
o
g
e
n
 
(
l
a
 
p
r
o
t
o
n
,
 
n
o
 
n
e
u
t
r
o
n
s
,
,
1
 
e
l
e
c
t
r
o
n
)

O O

2
)
.
 
O
n
 
t
h
e
 
P
e
r
i
o
d
i
c
 
C
h
a
r
t
 
(
R
e
s
o
u
r
c
e
 
P
a
c
k
a
g
e
 
2
-
3
)
 
l
o
c
a
t
e
 
s
o
d
i
u
m
 
(
s
y
m
b
o
l
 
N
a
)
,
 
w
h
o
s
e
 
a
t
o
m
i
c
 
n
u
m
b
e
r

1

i
s
 
1
1
 
(
m
e
a
n
i
n
g
 
i
t
 
h
a
s
 
e
l
e
v
e
n
 
p
r
o
t
o
n
s
)
 
a
n
d
 
W
h
o
s
e
 
a
t
o
m
i
c
 
m
a
s
s
 
i
s
 
a
b
o
u
t
 
2
3
 
O
n
e
a
d
d
i
g
 
t
h
a
t
 
p
r
o
t
o
n
s

p
l
u
g
(
 
n
e
u
t
r
o
n
s
 
t
o
t
a
1
.
2
3
,
.
%
 
t
h
e
r
e
 
a
r
e
 
1
2
 
n
e
u
t
r
o
n
s
)
.

S
i
n
c
e
 
t
h
i
s
 
a
t
o
m
 
h
a
s
 
1
1
 
p
r
o
t
o
n
s
,
 
i
t
 
w
i
l
l

h
a
v
e
 
1
1
 
e
l
e
c
t
r
o
n
s
 
a
l
s
o
.

O
n
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
p
a
g
e
 
i
s
 
a
n
o
t
h
e
r
 
d
r
a
w
i
n
g
.
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,
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9

.

if
 if

11
,1

,

d
e
 
d
f

0
/

09

'
T
h
r
e
e
 
o
r
b
i
t
s
 
a
r
e
 
r
e
q
u
i
r
e
d
 
t
o
 
a
c
c
o
m
m
o
d
a
t
e
 
1
1
 
e
l
e
c
t
r
o
n
s
.

T
h
e
 
o
n
e
 
l
o
n
e
 
e
l
e
c
t
r
o
n
 
i
n
 
t
h
e
 
t
h
i
r
d
 
o
r
b
i
t
 
i
s
 
a
n

s
t

i
n
d
i
c
a
t
o
r
 
t
h
a
t
 
t
h
i
s
 
e
l
e
m
e
n
t
 
m
a
y
 
b
e
 
c
h
e
m
i
c
a
l
l
y
 
v
e
r
y
 
a
c
t
i
v
e
.

I
f
 
y
o
u
 
a
r
e
 
f
a
m
i
l
i
a
r
 
w
i
t
h
 
s
o
d
i
u
m
,
 
y
o
u
-
 
k
n
o
w

t
h
a
t
 
i
t
 
i
s
.

4

.



0

N
e
x
t
,
 
l
e
t
 
u
s
 
l
o
o
k
 
a
t
 
n
e
o
n

(
s
y
m
b
o
l
 
N
e
)
,
 
w
h
i
c
h
 
i
s
 
o
f
t
e
n
 
u
s
e
d
 
t
o

f
i
l
l
 
e
l
e
c
t
r
i
c
 
l
i
g
h
t

t
u
b
e
s
 
a
n
d

b
u
l
b
s
.

H
o
w
 
m
a
n
y
 
p
r
o
t
o
n
s
,
 
n
e
u
t
r
o
n
s
,

a
n
d
 
'
e
l
e
c
t
r
o
n
s
 
d
o
e
s
 
i
t

h
a
v
e
?
/
 
.
H
e
r
e
 
i
t
 
i
'
s
t

W
e
 
s
e
e
 
t
h
e
 
s
e
c
o
n
d
 
(
o
u
t
e
r
)
 
s
h
e
l
l

(
I
I
 
o
r
 
L
)
,
 
w
h
i
c
h
 
c
a
n
 
h
o
l
d
 
o
n
l
y
 
8
,
e
l
e
c
t
r
o
n
s
-
,
 
f
i
l
l
e
d
 
t
o
 
c
a
p
a
c
i
t
y
.

T
h
i
s
 
i
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4 TAILS OF INTERNATIONAL RELATIVE

Element

Actinium
Aluminum
'Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper.
Curium
Dysprosium
EinSteinium
Erbium
Europiurn
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
ndium
Iodine
Iridium
Iron'
Krypton
Lanthanum _

Lawrencium
Lead ..
Lithium
Lutetium
Magnesium .

Manganese
Mendelevium

Symbol

Ac
Al
Am
Sb
Ar

At
Ba
Bk
Be
Bi
B.

Br
Cd
Ca
Cf
C
Ce
Cs
CI
Cr
Co
Cu
*Cm
Dy
Es
Er
Eu

' Fm
F
Fr
Gd
Ga
Ge
Au
Hf
He
Ho
H
In

Ir
Fe
Kr
La
Lr
Pb
Li
Ly
Mg
Mn
Md

Atomic
Number

89
13
95

18-
33
85
56

197
4

83
5

35
48
20
ga

6
58
55
17
24
27
29
96
66
99
68
63

100
9

87
64
31
32
79
72'

2
67

1

49
53
77
26.
36
57

103,
82

3
71

12
25

101 9.,

9'

'

TOMIC MASSES

Atomic
Mass Element- Symbol

Atomic
Number

(227) eidury Hg 80
Molybdenum Mo 42

(243)-' Neodymium Nd 60
Neon' Ne 10

39.9 Neptunium Np 93
74.9 Nickel Ns 28

(210) Niobium Nb 41
137.3 Nitrogen N 7

(245) Nobelium NQ 102
9.01 Osmium Os 76

209.0 Oxygen 0
10.8 Palladium Pd b6.
79.9 Phosphorus P 15

112.4 Platinum Pt 78
40.1 Plutoniurt Pu 94

(251) Polonium Po 84
12.0 Potassiuni K 19

140.1 .Praseodymium Pr 59
132.9 Promethiu Pm 61
35.5 Protactiniu Pa , 91
52.0 .Radium Ra -88
58 9 Radon Rn 86
63.5 Rhenium Re 75

(245) Rhodium Rh 45
162.5 Rubidium Rb. 37

(254) Ruthenfium Ru 44
167.3 Samarium Sm 62
152:0 Scandium Sc 21

-(254) Selerkium 19Se 34
19.0 Si 14

(223) Silver Ag. 47
157.3 Sodium Na 11

69.7 Strontium Sr 3a
72.6 Sulfuf S 16

197.0 Tantalum Ta 73
x1785 Technetium Tc , 43

4,00 Tellurium Te 52
164.9 Terbium f b 65

1.008 Thallium TI 81
114.8 Thorium Th, 90 '
126.9 Thulium Tm 69
192.2 Tin Sn 60
55.8 Titanium Ti 22
83.6 Tungsten w 74

138.9 Uranium U 92
(257) Vanadium V - 23
207.2 Xenon Xe 54

6.94 Verbium. Yb 70
175.0 \ Yffrium 39
24.3 " Zinc Zn 30
54.9 Zirconium 2r 4Q

(256)

Atpmi
'Mass

200.6
95,9

144.2
20.2

237.0
58.7
92.9
14.0

(254)
1902

16.0
106.4
31.0

195.1
(242).
(210)

39.1
140.9

(145)
231.0
226.0

(222)
186.2
102.9
85.5

101.1
, 150.4

45.0
79.0
28.1/

107.5
23.0
87.6
32.1

180.9
98,9

127.
158.9
204.4
'232,0
1 g8.9
118.7
4;7,9

'183.8
238.0

aos,
131.3
173.0
88.9
65,4
91.2

Numberstn parentheses give the mass number of the most stable isotope.
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R
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r
e
 
f
r
o
m
 
-
w
h
i
c
h
 
r
a
d
i
u
m
 
i
s
 
e
x
t
r
a
c
t
e
d
.

I
t
 
i
s
 
n
o
w
 
k
n
o
w
n
 
t
h
a
t
 
r
a
d
i
a
t
i
o
n
,
e
m
I
t
t
e
d
 
b
y
 
s
u
c
h
 
s
u
b
s
t
a
n
c
e
s
 
m
a
y

b
e
 
o
f
 
t
h
r
e
e
 
t
y
p
e
s
:

a
l
p
h
a
 
p
a
r
t
i
c
l
e
s
,

f
e
w
 
s
h
e
e
t
s
 
o
f
 
p
a
p
e
r
 
o
r
 
a
 
f
e
w
 
i
n
c
h
e
s
_
'

-
s
t
o
p
p
e
d
 
b
y
 
t
h
i
c
k
 
c
a
r
d
b
o
a
r
d
 
o
r
 
m
e
t
a
l
,

i
n
c
h
e
s
 
o

e
a
v
y
 
m
e
t
a
l
.

w
h
i
c
h
 
h
a
v
e
 
l
i
t
t
l
e
 
p
e
n
e
t
r
a
t
i
n
g
 
a
b
i
l
i
t
y
 
a
n
d
 
a
r
e
 
e
a
s
i
l
y
 
s
t
o
p
p
e
d
b
y
 
a

o
f
 
a
i
r
;
 
b
e
t
a
 
p
a
r
t
i
c
l
e
s
,
 
w
h
i
c
h
 
a
r
e
 
m
o
r
e
 
p
e
n
e
t
r
a
t
i
n
g
.
 
b
u
t
 
s
t
i
l
l
 
c
a
n
 
b
e

a
n
d
 
g
a
m
m
a
 
r
a
y
s
,
 
s
i
m
i
l
a
r
 
t
o
 
X
-
 
r
a
y
s
,
 
w
h
i
c
h
 
c
a
n
 
p
e
n
e
t
r
a
t
e
 
s
e
v
e
r
a
l

I
f
 
t
h
e
 
G
r
o
s
s
i
t
,
A
1
1
-
C
o
l
o
r
 
G
u
i
d
e
 
t
o
 
A
t
o
m
i
c
 
E
n
e
r
g
y
,
 
b
y
.
 
G
a
i
n
e
s
,
 
i
s
 
a
v
a
i
l
a
b
l
e
 
i
n
y
o
u
r
c
l
a
s
s
i
b
o
m
 
o
r
d
i
b
r
a
r
y
,

r
e
a
d
 
p
a
g
e
s
 
1
0
-
1
3
 
a
n
d
 
p
a
g
e
s
 
1
0
0
-
1
0
3
 
a
t
 
t
h
i
s
 
t
i
m
e
.

T
h
e
 
d
e
t
e
c
t
i
o
n
 
o
f
 
r
a
d
i
o
a
c
t
i
v
i
t
y
 
c
a
n
'
s
t
i
l
l
 
b
e

a
c
c
o
m
p
l
i
s
h
e
d
 
b
y
 
u
s
i
n
g
 
p
h
o
t
o
g
r
a
p
h
i
c
 
f
i
l
m
.

O
t
h
e
r
 
m
e
t
h
o
d
s
 
a
r
e

m
o
r
e
 
c
o
m
n
o
n
b
r
 
u
s
e
d
,
 
h
o
w
e
v
e
r
,
 
a
t
 
t
h
i
s
 
t
i
m
e
.

I
n
 
y
o
u
r
 
s
c
h
o
o
l
 
t
h
e
r
e
 
p
r
o
b
a
b
l
y
 
i
s
 
a
 
"
R
a
d
i
o
l
o
g
i
c
a
l
 
S
u
r
v
e
y

.
-

K
i
t
"
 
s
u
p
p
l
i
e
d
 
b
y
 
t
h
e
 
O
f
f
i
c
e
 
o
f
 
C
i
v
i
l

.

D
e
f
e
n
s
e
.

G
e
t
 
t
h
a
t
 
k
i
t
,
 
o
r
 
o
t
h
e
r
 
e
q
u
i
p
m
e
n
t
 
t
h
a
t
 
y
o
u
r
 
s
c
h
o
o
l
 
h
a
s
,

e
x
a
m
i
n
e
 
t
h
e
 
e
q
u
i
p
m
e
n
t
,
 
a
n
d
 
r
e
a
d
 
t
h
e
 
o
p
e
r
a
t
i
n
g
 
i
n
s
t
r
u
c
t
i
o
n
s
 
t

a
c
c
o
m
p
a
n
y
 
i
t
.

\
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M
A
K
I
N
G
 
A
,
 
B
A
C
K
G
R
O
U
N
D
 
R
A
D
I
A
T
I
O
N
 
C
O
U
N
T

o

P
u
r
p
o
s
e
:

T
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e
 
o
r
d
i
n
a
r
y
l
e
l
i
e
l
 
o
f
 
r
a
d
i
a
t
i
o
n
 
p
r
e
s
e
n
t
'
(
1
)
 
i
n
 
y
o
u
r

c
l
a
s
s
r
o
o
m
 
a
n
d
 
(
2
)
 
o
n
 
t
h
e

g
r
o
u
n
d
s
 
o
f
 
y
o
u
r
 
s

P
r
o
c
e
d
u
r
e
:
.

U
s
i
n
g
 
e
q
u
i
p
m
e
n
t
 
a
c
c
o
r
d
i
n
g

d
i
r
e
c
t
i
o
n
s
 
s
u
p
p
l
i
e
d
 
w
i
t
h
 
i
t
,
 
e
x
p
o
s
e
 
t
h
e
 
c
h
a
m
b
e
r
 
o
f

'
t
i
e
 
G
e
i
g
e
r

t
u
l
l
e
,
 
c
o
n
n
e
c
t
 
t
h
e
 
h
e
a
d
p
h
o
n
e
 
t
o
 
t
h
e
 
c
o
u
n
t
e
r
,
 
t
u
r
n
 
i
t
 
o
n
,
 
a
n
d
 
l
i
s
t
e
n
,
.
.
f
e
r
 
i
s
o
l
a
t
e
d

d
r
*
o
c
c
a
s
i
o
n
a
l

"
C
l
i
c
k
s
.
"

W
i
l
e
n
 
y
o
u
_
h
a
V
e
 
e
a
t
a
b
l
i
4
d
 
t
h
a
t
 
y
o
u
 
a
r
e
 
h
e
a
r
i
n
g
 
t
h
e
s
e
 
"
 
l
i
c
k
s
,
"
 
p
r
e
p
s
 
e
 
t
o
 
u
s
e
 
a
 
s
t
o
p

-
w
a
t
c
h
 
o
r
 
w
a
t
c
h
 
w
i
t
h
 
a
 
s
e
c
o
n
d
 
h
a
n
d
 
t
o
 
m
e
a
s
u
r
e
-
s
h
o
r
t
 
t
i
m
e
 
t
r
i
t
e

I
l

w
h
i
l
e
 
y
o
u
 
c
o
u
n
t
 
c
l
i
c
k
s
,

N
o
w
,

:
.
s
e
l
e
c
t
 
f
i
v
e
 
o
r
 
m
o
r
e
 
d
i
f
f
e
r
e
n
t
 
l
o
c
a
t
i
o
n
s
 
w
i
t
h
i
n
 
y
o
u
r
 
c
l
a
s
s
r
o
o
m
.

t
 
e
a
c
h
,
 
'
c
o
u
n
t
 
t
 
e
 
n
u
m
b
e
r
 
o
f

'

c
l
i
c
k
s
,
t
 
a
t
 
o
c
c
u
r
 
d
u
r
i
n
g
 
a
 
o
n
e
-
m
i
n
u
t
e
 
p
e
r
i
o
d
.

R
e
c
o
r
d
 
t
h
e
s
e
u
r
e
 
o
n
 
n
o
t
e
b
o
o
k
 
p
 
p
e
r
 
u
s
i
n
g
 
a

,
c
h
a
r
t
 
s

l
a
r
 
t
o
 
t
h
e
 
o
n
e
 
b
e
l
o
w
,
 
a
n
d
 
A
v
e
r
a
g
e
 
/
h
e
 
-
 
c
o
u
n
t
.

T
h
i
s
 
a
v
e
r
a
g
e

i
l
l
 
.
1
3
e
_
y
o
u
r
 
'
i
n
d
o
o
r
y
a
c
k
-

,

g
r
o
u
n
d
 
c
o
u
n
t
 
i
n
 
f
u
t
u
r
e
 
e
x
e
r
c
i
s
e
s
.

R
e
s
u
l
t
s
:

T
i
m
e
 
(
M
i
n
,
)

L
o
c
a
t
i
o
n

_
N
o
7
 
o
f
C
l
i
c
k
s

T
r
i
a
l
 
#
1
.

T
r
i
a
l
 
# ,

2.
.
.
,

h
--

--
--

-
a

T
r
i
a
l
 
#
3
'

.
.

,
.
/

.

T
r
i
a
l
 
#
4

.

T
r
i
a
l
 
#
5

,

A
v
e
r
a
g
e

.

-
2
0
-

\v
.



S
e
c
u
r
e
 
p
e
r
m
i
s
 
i
o
n
 
t
o
 
g
o
 
o
u
t
d
o
o
r
s
 
a
n
d
 
r
e
p
e
a
t
 
t
h
e

d
a
t
a
 
g
a
t
h
e
r
i
n
g

t
h
e
s
e
 
c
o
u
n
t
s
 
o

c
o
u
n
t
.

p
r
o
c
e
d
u
r
e
.

R
e
c
o
r
d
 
t
h
e
s
e
 
a
l
s
o
.

W
h
e
n

o
u
r
 
f
i
v
e
 
1
-
m
i
n
u
t
e
 
o
b
s
e
r
v
a
t
i
o
n
s
,
a
r
e
 
a

r
a
g
e
d
,
 
y
o
u
 
w
i
l
l
 
h
a
v
e
 
a
n
 
"
o
u
t
d
o
o
r
"
 
b
a
c
k
g
r
o
u
n
d

N
o
t
e
:

A
 
s
e
p
a
r
a
t
e
 
c
h
a
 
t
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
f
o
r
 
i
n
d
o
o
r
 
a
n
d
 
o
u
t
d
o
o
r

o
b
s
e
r
v
a
t
i
o
n
s
.

I
f
 
t
h
e
 
a
v
e
r
a
g
e
 
t
i
m
e
 
i
n
t
e
r
v
a
l

i
s
 
n
o
t
 
o
n
e
 
m
i
n
u
t
e
,
 
t
h
e
n
 
T
h
e
 
a
v
e
r
a
g
e
 
t
i
m
e
 
m
i
s
t
 
b
e
 
d
i
v
i
d
e
d
 
i
n
t
o
t
h
e
 
a
v
e
r
a
g
e
 
n
u
m
b
e
r
 
o
f
 
c
l
i
c
k
s
 
t
o
 
o
b
t
a
i
n
 
t
h
e

n
u
m
b
e
r
 
o
f
 
c
l
i
c
k
s
 
p
e
t
 
m
i
n
u

O
b
s
e
r
v
a
t
i
o
n
s
:

(
W
r
i
t
e
 
y
o
u
r
 
o
b
s
e
r
v
a
t
i
o
n
s
,
 
g
u
i
d

.
R
e
s
u
l
t
-
S
-
r
e
h
a
r
t
s
.
)

r
e
s
p
o
n
s
e
s
 
t
o
 
t
h
e
s
e
 
q
u
e
s
t
i
o
n
s
,
 
o
n
 
t
h
e
 
s
h
e
e
t

w
i
t
h
 
t
h
e

,
e

.

W
h
e
r
e
 
w
a
s
 
t
h
e
 
b
a
c
k
g
r
o
u
n
d

=
 
e
l
a
t
i
o
n
 
g
r
e
a
t
e
s
t
?

L
e
a
s
t
?

D
o
 
y
o
u
 
t
h
i
n
k
 
m
o
s
t
 
p
e
o
p
l
e
 
a
r
e
 
a
w
a
r
e
 
t
h
a
t

27
2,

t
h
e
r
e
 
i
s
 
r
a
d
i
a
t
i
o
n
 
a
r
o
u
n
d
 
t
h
 
T
.
 
m
o
s
t
 
o
f
 
t
h
e
 
t
i
m
e
?
 
l
b
w
 
c
o
u
l
d
 
y
o
u

e
x
p
l
a
i
n
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
i
n
 
n
u
m
-

b
e
r
s
 
O
f
,
 
c
o
u
n
t
s
 
t
h
a
t
 
y
o
u
 
o
b
s
e

e
d
?
 
=
W
o
u
l
d
 
y
o
u
 
b
e
 
l
i
k
e
l
y
 
t
o
 
g
e
t
 
d
i
f
f
e
r
e
n
t
 
c
o
u
n
t
s
 
i
f
 
s
e
v
e
r
a
l

r
e
a
d
-

i
n
g
s
 
w
e
r
e
 
t
a
k
e
n
 
a
t
 
t
h
e
 
s

W
h
y
f

-
2
i
-

7
-
-
.



/
/

z
 
R
E
S
O
U
R
C
E
 
P
A
C
K
A
G
E
 
3
-
2

D
E
T
E
C
T
 
R
A
D
I
A
T
I
O
N
:

K
N
O
W
N
 
R
A
D
I
O
A
C
T
I
V
E
 
S
O
U
R
C
E
S

-
-
-
-
-
7
-
-
-
I
n
 
t
h
i
s
 
e
x
e
r
c
i
s
e
 
}
,
o
u
 
w
i
l
l
 
a
g
a
i
n
 
n
e
e
d
 
t
o
 
u
s
e
 
t
h
e
 
G
e
i
g
e
r
 
c
o
u
n
t
e
r
 
a
n
d
 
s
t
o
r
 
w
a
t
c
h
.

Y
o
u
 
w
i
l
l
 
a
l
s
o
 
n
e
e
d
 
a
.

;
I

.

r

.
m
e
t
e
r
 
s
t
i
c
k
'
o
r
 
t
.
.
.
,a
p
e
,
 
s
e
v
e
r
a
l
 
s
m
a
l
l
 
s
h
e
e
t
s
 
(
6
"
 
x
 
6
"
)
 
o
f
 
p
o
s
t
e
r
 
b
o
a
r
d
 
d
r
 
t
h
i
n
 
c
a
r
d
b
o
a
r
d
 
(
y
o
u
 
c
a
n
 
t
r
y

\
,

p
i
e
c
e
s
 
f
r
o
m

o
x
e
s
 
o
r
 
t
a
b
l
e
t
 
b
a
c
k
s
)
,
 
a
n
d
 
s
e
v
e
r
a
l
 
s
h
e
e
t
s
 
O
f
 
M
e
t
a
l
.

A
\
l
u
r
A
i
n
u
m
 
f
o
i
l
 
c
a
n
 
b
d
 
s
u
b
s
t
i
t
u
t
e
d

.
,

'
.

.
.

1
\
$
 
w
i
l
l
 
b
e
 
n
e
e
d
e
d
 
t
o
 
d
e
t
e
r
m
i
n
e

t
h
i
c
k
n
e
s
s
 
o
f
 
m
a
t
e
-

f
o
r
 
t
h
e
 
h
e
a
v
i
e
r
 
m
e
t
a
l
,
 
i
f
 
n
o
n
e
 
i
s
 
a
v
a
i
l
a
b
l
e
.

C
a
l
i
p

r
i
a
l
s
.

S
e
c
u
r
e
 
r
a
d
i
o
a
c
t
i
v
e
 
s
a
m
p
l
e
s
 
f
r
o

t
h
e
s
e
.

ri
b

y
o
u
r
 
t
e
a
c
h
e
r
,

I
n
d
 
b
e
 
s
u
r
e
 
t
h
a
t
y
o
u
 
k
n
o
w
 
t
h
e
 
c
o
r
r
e
c
t
 
m
e
t
h
o
d
s
 
o
f
 
h
a
n
d
l
i
n
g
:

r
p
o
s
-
:

T
o
 
d
e
t
e
r
m
i
n
e
 
t
h
e
 
p
e
n
e
t
r
a
t
i
n
g
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
-
o
f
 
r
a
d
i
o
a
c
t
i
v
e
 
p
a
r
t
i
c
l
e
s
 
u
n
d
e
r
 
a
 
i
J
a
r
i
e
t
y
 
o
f
 
c
o
n
-

d
i
t
i
o
n
s
:

7
-
-

1/
.

r
o
c
e
d
u
r
e
i
-
 
M
a
k
e
 
c
h
a
r
t
s
 
l
i
k
e
 
t
h
e
 
o
n
e
 
s
h
o
w
n
 
o
n
 
t
h
e
 
n
e
x
t
 
p
a
g
e
 
f
o
r
.
r
e
c
o
r
d
i
n
g
 
t
h
e
 
d
a
t
a
,
 
y
o
u
 
a
c
c
u
m
u
l
a
t
e
.

P
l
a
n
,

t
o
 
m
a
k
e
 
t
h
r
e
e
 
o
r
 
m
o
r
e
 
t
r
i
a
l
s
 
u
s
i
n
g
 
e
a
c
h
 
s
e
t
 
o
f
 
c
o
n
d
i
t
i
o
n
s
.

i
r
s
t
,
 
e
x
p
o
s
e
 
t
h
e
 
o
p
e
n
 
G
e
i
g
e
r
 
t
u
b
e
 
t
o
;
 
t
h
e
 
s
a
m
p
l
e
 
a
t
 
t
h
e
 
s
h
o
r
t
d
s
t
,
d
i
s
t
a
n
c
e
 
a
t
 
w
h
i
c
h
 
y

,
.
.

r

c
a
n
 
a
c
t
u
a
l
l
y
 
c
o
u
n
t
 
t
h
e
 
c
l
i
c
k
s

C
o
u
n
t
 
f
o
4
 
o
n
e
 
m
i
n
u
t
e
 
(
o
r
 
c
o
u
n
t
 
f
o
r
 
1
0
 
s
e
c
o
n
d
s
 
a
n
d
 
m
u
l
t
i
-

p
l
y
 
b
y
 
6
)
 
a
n
d
 
p
p
o
r
d
 
t
h
i
s
 
a
s
i
n
c
o
u
f
t
t
"
 
f
o
r
 
t
r
f
a
l
 
#
1
.

T
h
e
 
"
t
r
a
n
s
m
i
t
t
i
n
g
 
m
e
d
i
u
m
"
 
h
e
r
e
,
 
o
f

c
o
u
r
s
e
,
 
i
s
 
a
i
r
;
 
a
n
d
 
t
h
e
 
"
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
d
i
u
 
"
 
i
s
 
t
h
e
 
d
i
s
t
a
n
c
e
,
'
i
n
'
m
e
t
e
r
s
;
 
f
r
o
m
 
s
a
m
p
l
e
 
t
o

4
.1



t
h
e
 
s
u
r
f
a
c
e
 
o
f
 
t
h
e
 
G
e
i
g
e
r
 
,
t
u
b
e
.

M
a
k
e
 
t
w
o
 
m
o
r
e
 
,
t
r
i
a
l
s
 
a
t
 
t
h
e
 
s
a
m
e
 
d
i
s
t
a
n
c
e
;

r
e
c
o
r
d
 
a
n
d
 
'
a
v
e
r
-

- .

.
a
g
e
 
r
e
s
u
l
t
s
.

N
e
x
t
,
 
d
o
u
b
l
e
 
t
h
e
 
d
i
s
t
a
n
c
e
 
a
n
d

m
a
k
e
 
t
h
r
e
e
 
t
r
i
a
l
s
.

T
h
e
n
 
m
a
k
e
 
t
h
r
e
e
 
f
i
n
a
l
 
m
e
a
s
u
r
e
 
-
.

1
7
.

m
e
a
t
s
 
-
a
t
 
-
t
h
r
e
e
 
o
r
 
f
o
u
r
 
t
i
m
e
s
 
t
h
e

d
i
s
t
a
n
c
e
 
a
p
a
r
t
.

4

g
e
-
s
a
t
s
:

Y
o
u
 
w
i
l
l
 
n
e
e
d
 
n
i
n
e
 
o
r
m
o
r
e
 
o
f
t
h
e
s
e
,
t
a
b
l
e
s
.

(
A
t

p
l
a
c
e
d
 
o
n
 
o
n
e
 
s
h
e
e
t
 
o
f
 
n
o
t
e
b
o
o
k
 
p
a
p
e
r
.
)

ttt

l
e
a
s
t
 
t
h
r
e
e
,
 
A
n
d
 
p
e
r
h
a
p
s
 
m
o
r
e
,
 
c
a
n
 
b
e

R
a
d
i
o
a
c
t
i
v
e
,
S
o
u
r
c
e

T
r
i
a
l
 
#

.

.

T
r
a
n
s
m
i
t
t
i
n
g

M
e
d
i
u
t
h
.

T
h
i
c
k
n
e
s
'
s

.
o
f
 
M
e
d
i
u
m
 
,

C
o
n
i
t
i

'
,
M
a
x
i
m
u
m

C
l
i
e
k
s
/
 
i
n
u
t
e
,

M
e
t
e
r

R
e
a
d
i
n
g

1
-

.
2

-
-
0

3
.

.

,

.
4

A
v
e
r
a
g
e

.

-
-
-
7
-
-
_
_
_
_

:
.
l

-
-
-
-
-
-
'
-
-
.
.

P
a
r
t
_

U
s
e
 
c
a
r
d
b
o
a
r
d
 
c
g
s
 
t
h
e
 
"
t
r
a
n
s
m
i
t
t
i
n
g

m
e
d
i
a
l
,
"
 
w
i
t
h
 
t
h
e
 
s
a
m
p
l
e
 
i
n
 
c
o
n
t
a
c
t
 
w
i
t
h
 
t
h
e
 
c
a
r
d
-

.
.
-

o
a
r
d
 
o
n
 
o
n
e
 
s
i
d
e
.
a
n
d
 
t
h
e
 
G
e
i
g
e
r
 
t
u
b
e
 
o
n
 
t
h
e
 
o
t
h
e
r
.

R
e
p
e
a
t
 
p
r
o
c
e
d
u
r
e
 
a
b
o
v
e
,
 
i
n
c
r
e
a
s
i
n
g

"
t
h
i
c
k
n
e
s
s
 
o
f
 
m
e
d
i
u
m
"
 
b
y
 
a
d
d
i
n
g
 
s
h
e
e
 
s
 
o
f
l
a
r
d
b
o
a
r
d
.

\
A

P
a
r
t
 
I
I
I
:

D
o
 
t
i
r
e
 
s
a
m
e

4

t
h
i
n
g
 
a
s
 
i
n
 
P
a
r
t
 
I
I
,
 
u
s
i
n
g
 
t
h
e
 
s
h
e
e
t
 
m
e
t
a
l

(

o
r
 
f
o
i
l
 
a
s
 
"
t
r
a
n
s
m
i
t
t
i
n
g
m
e
d
i
u
m
:
"

-
2
4
 
-
,
 
,
!
?
,



k
f
t
e
r
d
i
f
 
d
a
t

i
s
 
c
o
l
l
e
c
t
e
d
,
 
m
a
k
e
_
t
h
r
e
e
 
g
r
a
p
h
s
 
o
n
 
o
n
e

1
.

L
a
b
e
l
 
t
h
e
 
v
e
r
t
i
c
a
l
-
a
x
i
s
 
(
o
r
d
i
n
a
t
e
)
 
"
c
o
u
n
t
s
/
m
i
n
u
t
e
"

m
e
d
i
u
m
-
"

e
r
v
a
t
i
o
n
s
f
-
-

t
e
r

s
h
a
e
t
 
o
f
 
p
a
p
e
r
,
 
o
n
e
 
f
o
r
 
e
a
c
h
 
t
r
a
n
s
m
i
t
t
i
n
g
 
m
e
d
i
u
m
.
.

a
n
d
 
t
h
e
 
h
o
r
i
z
o
n
t
a
l
'
a
x
i
s
 
(
a
3
s
c
i
s
s
a
)
J
"
t
h
i
c
k
l
i
e
s
s
 
o
f

c

1
.

W
h
a
t
 
,
m
a
t
e
r
i
a
l
 
t
h
a
t
 
y
o
u
 
u
s
e
d
 
p
e
r
m
i
t
t
e
d
 
t
h
o
k
'
m
a
x
i
m
u
m
 
p
a
s
s
a
g
e
 
o
f
 
r
a
d
i
o
a
c
t
i
v
i
t
y
?

m
a
t
e
r
i
a
l
 
m
o
s
t
 
e
f
.
t
e
c
t
i
v
e
l
y

b
l
o
c
i
t
r
e
d

.
3
-
.
J
:
s
o
 
y
o
u

W
h
a
t
?

_

w
 
o
f
 
a
n
y

t
r
a
n
s
m
i
s
s
i
o
n
?

a
l
 
t
h
a
t
 
i
s
 
e
v
e
n
 
M
o
r
e
 
e
f
f
e
c
t
i
v
e
 
i
n
 
p
r
e
v
e
n
t
i
n
g
 
t
h
e
 
p
a
s
s
a
g
e
 
c
i
 
f
 
r
a
d
i
a
t
i
o
n
?

.
-

t

A
.
'
 
W
h
a
t
 
t
y
p
e
.
 
o
f
 
r
a
d
i
a
t
i
o
n

w
a
r
m
s
e
*
t
t
e
d
 
b
y
,
y
o
u
r
 
s
o
u
r
c
e
(
O
l
t

I
f
 
m
o
r
e
 
t
h
a
n
 
o
n
e
 
s
o
u
r
c
e
 
w
a
s
 
u
s
e
d
,
.
w
h
i
c
h
 
s
h
o
w
e
d
l
h
e
 
h
i
g
h
e
s
t
 
p
e
n
e
t
r
a
t
i
o
n
?

a.

6
.
 
.
W
4
n
 
a
i
i
-
w
a
s
 
t
h
e
 
t
r
a
n
s
m
i
t
t
i
n
g
 
m
e
d
i
u
m
,
 
w
e
r
e
 
a
l
l
 
c
l
i
c
k
s
 
d
u
e
 
t
o
 
r
a
d
i
a
t
i
O
n
 
f
r
o
m
,
y
o
u
r
l
a
b
o
r
a
t
o
y

s
o
u
r
c
e
?

E
x
p
l
a
i
n
 
t
h
i
s
'
a
n
s
w
e
r
d
,

_



R
E
S
O
U
R
C
E
 
P
A
C
K
A
G
E
 
3
-
3

D
E
T
E
R
M
I
N
I
N
G
 
R
A
D
I
A
T
I
O
N
 
L
E
V
E
L
S

A
R
O
U
N
D
 
T
H
E
 
S
C
H
O
O
L

M
e
a
s
u
r
e
 
a
n
d
 
r
e
c
o
r
d
 
r
a
d
i
a
t
i
o
n
 
l
e
v
e
l
s

i
n
s
i
d
e
 
a
n
d
 
o
u
t
s
i
d
e
 
t
h
e
 
b
u
i
l
d
i
n
g
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
a
r
e
 
s
o
m
e
p
 
=
c
e
s
 
t
o

c
h
e
c
k
:
.

)
-
 
-
 
O
u
t
s
i
d
e
 
t
h
e
 
b
u
i
l
d
i
n
g
,

s
i
4
e
,
 
c
l
o
s
e
 
t
o
 
w
a
1
1

O
u
p
s
i
d
e
 
t
h
e
 
b
u
i
l
d
i
n
g
,
 
s
h
a
d
y
 
s
i
d
e
,
 
c
l
o
s
e

t
o
.
w
a
l
l

N
-
 
-
 
U
n
d
e
r
e
l
e
c
t
r
i
c
a
l
 
t
r
a
n
s
f
o
r
m
e
r
 
o
r
 
n
e
a
r
 
l
a
r
g
e
 
e
l
e
c
t
r
i

e
q
u
i
p

h
t
_
_
_
_
_
_
_
.
/

-
 
-
 
C
a
f
e
t
e
r
i
a

>
"

-
 
-
 
I
n
s
i
d
e
 
h
a
l
l
w
a
y

W
a
n
t
 
t
o
 
h
i
v
e
 
s
o
m
e
 
f
u
n
?

1
)

T
a
k
e
 
a
 
r
a
d
i
o
a
c
t
i
v
e
 
s
a
m
p
l
e
 
a
l
o
n
g
 
i
n
 
a
 
s
t
u
d
e
n
t
'
s
 
p
o
c
k
e
t
.

C
t4 I
p
c
e
 
a
 
s
o
p
h
o
m
o
r
e
 
t
h
a
t
 
t
h
e
.

.1
E

.

p
h
y
s
i
c
s
 
s
t
u
d
e
n
t
 
i
s
 
r
a
d
i
o
a
c
t
i
v
e
.

2
)

B
e
 
v
e
r
y
 
s
e
r
i
o
u
s
 
a
b
o
u
t
 
y
o
u
r
 
w
o
r
k
.
.
 
W
h
e
n
 
s
o
m
e
g
n
e

a
s
k
s
 
w
h
a
t
 
y
o
u
 
A
r
e
 
d
o
i
n
g
,
_
b
e
g
i
n
 
y
o
u
r
 
r
e
p
l
y

w
i
t
h
 
t
h
e
s
e
 
w
o
r
d
s
:

"
N
o
w
,
 
t
h
e
r
e
 
i
s
 
a
b
s
o
l
u
t
e
l
y
 
n
o
t
h
i
n
g
 
t
o
 
b
e
 
c
o
n
c
e
r
n
e
d
 
a
b
o
u
t
.

(
P
a
.
)
 
_
W
e

s
-
-
-
-
-

a
r
e
 
j
u
s
t
 
c
h
e
c
k
i
n
g
 
f
o
r
 
t
h
e
 
p
r
e
s
e
n
t
e
 
o
f
 
r
a
d
i
a
t
i
o
n
.
"

.
/

-
2
7
-



L
\
D

'
0
0

t
i

0

R
E
S
O
U
R
C
E
 
A
 
A
G
E
 
4
-
-
1

N
U
C

R
E
A
C
T
O
R
B
'
.

U
s
e
 
e
n
c
y
c
l
o
p
e
d
i
a
,
 
A
t
o
m
i
c
/
E
n
e
r
g
y
 
C
o
m
m
i
s
s
i
o
n
 
b
o
o
k
l
e
t
s
,

f
i
n
d
t
y
o
u
r
 
t
e
x
t
b
o
o
k
,
t
o
 
f
i
n
d
 
d
r
a
w
i
n
g
s
 
o
f

s
e
v
e
r
a
l
 
t
y
p
e
s
 
o
f
 
r
e
a
c
t
o
r
s
.

E
x
a
m
i
n
e
 
t
h
e
 
d
r
a
w
i
n
g
s
 
c
a
r
e
f
u
l
l
y
 
a
n
d
 
r
e
a
d

t
h
e
 
d
e
s
c
r
i
p
t
i
o
n
 
o
f
 
e
a
c
h

.
/

,
7

0

t
y
p
e
.
,

,
 
r

2
)

S
e
l
e
c
t
 
t
w
o
 
d
i
f
f
e
r
e
n
t
 
r
e
a
c
t
o
r
s
,
 
s
k
e
t
c
h
,
 
t
r
a
c
e
,
 
o
r
 
d
r
a
w
 
e
a
c
h
 
a
n
d
 
l
a
b
e
l

t
h
e
 
O
a
r

d
r
a
w
i
n
g
s
 
s
h
o
u
l
d
 
b
e
 
o
n
 
a
 
S
e
p
a
r
a
t
e
 
s
h
e
e
t
 
o
f
 
p
a
p
e
r
.

1

O
n
 
a
n
o
t
h
e
r
 
s
h
e
e
t
 
o
f
 
p
a
p
e
r
,
 
a
n
s
w
e
r
 
t
h
e
 
f
o
l
l
o
w
i
n
g

q
u
e
s
t
i
o
n
s
:

E
a
c
h
 
o
f
 
t
h
e
s
e

A
.

W
h
a
t
 
a
r
e
 
s
o
m
e
 
o
f
 
t
h
e
 
m
e
t
h
o
d
s
 
a
n
d
 
m
a
t
e
r
i
a
l
s
 
u
s
e
d
 
t
o
 
c
o
n
t
a
i
n
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
s

?
,

B
.
 
-
W
h
a
t
 
i
s
 
t
h
e

f
u
n
c
t
i
o
n
 
o
f
 
c
o
n
t
r
o
l
 
r
o
d
s
?

H
o
w
 
d
o
.
 
t
h
e
y
 
a
c
c
o
m
p
l
i
s
h
 
t
h
i
s
?

'
O
f
 
w
h
a
t
 
a
r
e
 
t
h
e
y
 
m
a
d
e
?

C
:

I
n
 
w
h
a
t
 
f
o
r
m
 
i
s
 
t
h
e
 
e
n
e
r
g
y
 
r
e
l
e
a
s
e
d
 
i
n
 
t
h
e
s
e
 
r
e
a
c
t
o
r
_

s
e
f
u
l
 
t
o
 
m
a
n
?

D
.

H
o
w
 
i
s
 
t
h
e
 
e
n
e
u
y
 
u
s
u
a
l
l
y
 
t
r
a
n
s
f
e
t
r
e
d
 
f
r
o
m
 
t
h
e
 
r
e
a
c
t
o
r
 
t
o

t
h
e
-
b
i
a
c
k
i
n
e
 
w
h
i
c
h
 
i
t
 
i
s
 
t

r
u
n
?

E
.

W
h
a
t
 
a
r
e
 
s
o
m
e
 
o
f
 
t
h
e
 
f
u
e
l
s
 
u
s
e
d
 
t
o
d
a
y
 
i
n
 
f
i
s
s
i
o
n
 
p
r
o
c
e
s
s
.

F
.

W
h
a
t
 
i
s
 
a
 
"
b
r
e
e
d
e
r
 
r
e
a
c
t
o
r
"
?

W
h
a
t
 
f
u
e
l
s
 
d
o
e
s
 
i
t
 
u
s
e
 
a
n
d
 
w
h
a
t
 
a
d
v
a
 
n
t
a
g
e
s
 
d
o
e
s
 
i
t
 
o
f
f
e
r
?

-
2
9
,

f

fi



1
R
E
S
O
A
C
E
 
P
A
C
K
A
G
E
 
5
 
-
1

C
A
R
E
E
R
S
 
A
N
D
 
T
H
E
 
A
T
O
M

Y
o
u
 
w
i
l
l
 
n
o
w
 
n
e
e
d
_
t
o
 
g
o
 
t
o
 
y
o
u
r
 
s
c
h
o
o
l

h
i
c
k
o
r
y
,
 
o
r
r
a
 
p
u
b
l
i
c
 
l
i
b
r
a
r
y
,
 
t
o
 
l
e
a
r
n
 
a
b
o
u
t
 
t
h
e
 
v
a
r
i
o
u
s
 
o
c
c
u
-

p
a
t
i
o
n
s
 
t
h
a
t
,
a
r
e
 
r
e
l
a
t
e
d
 
t
o
 
n
u
c
l
e
a
r
 
e
n
e
r
g
y
.

I
f
 
p
o
s
s
i
b
l
e
,
 
g
e
t
 
t
h
e
 
O
c
c
u
p
a
t
i
o
n
a
l
 
O
u
t
l
o
o
k
 
H
a
n
d
b
o
o
k
p
u
b
l
i
s
h
e
d

b
y
 
t
h
e
 
U
.
 
1
1
 
D
e
p
a
r
t
m
e
n
t
 
o
f
 
L
a
b
o
r
,
 
a
n
d
 
r
e
a
d
 
t
h
e
 
t
o
p
i
c
,

"
O
c
c
u
p
a
t
i
o
n
s
 
i
n
i
t
h
e
 
A
t
o
m
i
c
 
E
n
e
r
g
y
 
F
i
e
l
d
.
"

(
I
f
 
t
h
i
s

i
s
 
n
o
t
 
i
n
 
t
h
e
 
l
i
b
r
a
r
y
,
 
t
r
y
 
y
o
u
r
 
s
c
h
o
o
l
'
s
 
I
.
 
C
.
 
T
.
 
*
 
c
o
o
r
d
i
n
a
t
o
r
 
o
r

t
h
e
 
c
o
u
n
s
e
l
i
n
g
 
o
f
f
i
c
e
,
)

A
l
s
o
,
 
T
h
e

E
n
c
y
c
l
o
p
e
d
i
a
'
o
f
C
a
r
e
e
r
s
 
a
n
d
 
V
o
c
a
t
i
o
n
s
,
G
u
i
d
a
n
c
e
,
 
e
d
i
t
e
d
 
b
y

E
.
 
H
o
p
k
e
,
 
h
a
s
 
a
 
g
o
o
d
'
e
s
s
a
y
 
e
n
t
i
t
l
e
d

"
T
h
e
i
A
t
o
m
i
e
 
E
n
e
r
g
y
 
i
n
d
u
s
t
r
y
.
'

T
h
e
 
A
t
o
m
i
c
 
E
n
e
r
g
y
 
C
o
m
m
i
s
s
i
o
n
 
h
o
o
k
l
e
t
,
 
C
a
r
e
e
r
s

i
n
 
A
t
o
m
i
c
 
E
n
e
r
g
y
,
 
s
h
o
u
l
d
 
b
e

i
n
 
y
o
u
r
 
c
l
a
s
s
r
o
o
m
.

4

C
A
D

-
_
_

.

d
-
`
-
-
-
-
.
_

,
.

-
,
<

W
h
e
n
 
y
o
u
 
h
a
v
e
 
r
e
a
d
 
t
h
e
 
a
v
a
i
l
a
b
l
e
 
m
a
t
e
r
i
a
l
s
,
 
p
r
e
p
a
r
e
 
a
 
c
h
a
r
t

s
u
c
h
 
a
s
 
t
h
e
 
o
n
e
 
o
n
:
t
h
e
 
n
e
x
t
 
p
a
g
e
,
 
c
l
a
s
s
i
-

,

e
y
i
n
g
 
a
t
 
l
e
a
s
t
 
f
i
v
e
.
.
.
-
(
a
n
d
 
p
r
e
f
e
r
a
b
l
y
 
m
o
r
e
)
 
o
c
c
u
p
a
t
i
o
n
s
 
i
n
 
e
a
c
h
e
d
u
c
a
t
i
o
n
a
l
 
c
a
t
e
g
o
r
y
.

I.

*
 
I
n
d
u
s
t
r
i
a
l
 
C
o
o
p
e
r
a
t
i
v
e
 
T
r
a
i
n
i
n
g

,
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R
E
S
O

C
E
 
P
A
C
K
A
G
E
 
6
-
1

A
T

I
C
 
S
A
F
E
T
Y

;
I
-

-

.

A
n
s
w
e
r
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
q
u
e
s
t
i
o
n
s
 
o
n
 
n
o
t
e
b
o
o
k
 
p
a
p
e
r
.

w
i
l
l
'
f
i
n
d
 
t
h
e
 
a
n
s
w
e
r
s
 
i
n
 
e
n
c
y
c
l
o
p
e
d
i
a
s
,
 
i
n
 
y
o
u
r
.

.
.

c
l
a
s
s
r
o
o
m
 
s
e
t
 
o
f
 
A
.
 
E
.
 
C
.
 
(
A
t
o
m
i
c
 
E
n
e
r
g
y
 
C
o
m
m
i
s
s
i
o
n
)
 
b
o
o
k
l
e
t
s
 
a
n
d

N
u
c
l
e
a
r

w
e
r
 
a
d
d
 
t
h
e
 
E
n
v
i
r
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Itabit

Mea uring
The Risks

By DOROTHIE ERWIN ed fo the million people lilt-
ing within a 50-mile radius
when the plant begins opera-
tions about 1980.

Its summary conclusion is
that radiation by ell path-
ways from the, plant will
amount to a tiny freed()
the existing backg ra-
diation, producing'. an
crease that jeress than the
normal *,fluctuations in the _
dose tits population receives,

.oth cosmic radiation, ra-
4. ioactivity in soils and mi-

nerali,-:--andothar- existing._
sourced, .

No he claims that nuclear
power plants can bobuilt at
no,risk to the public.'

1

- 'The environments! and safe-
ty reviews Of proposed new
plants are intended to ac-
complish two thing . first, to
Minimize the risk b assur-
ing built-in prote tions
against exposure of workmen
and the public to radiation

operation of the plants; an
from accidents and- throuId4

then, to measure that iptc-
ducible minimum of Mk so
that it can be balanced
against the promised benefit.

LARGE AMOUNTS of ra-
diation are known to cause

- cancer and genetic damage,
Since the rthrishold" of
harm from low-level expo-
sure is not known, the con-
servative ,assilmption must
be make 'by public health
protectors hat any exposure
may be ha mful and the risk
should not be taken unless
there are c pensating-be-

in generaCing plants, of
nefits.

course, the benefit claimed is
the, large amount of power
that can be produced 'from
small amounts of uranium
fuel.

The applidants for the
'Comanc,he Peak plant (the,
three - company system that
includes Dallas PoWer &
Light Co,) say the only prac-

, tical alternative to increase
the power supply for their
Texas territory is the impor-
tation of coalwhich they
say carries higher costs and
environmental risks of other
kinds.

IT .13 IN THAT context
that the Atomic Energy Com-
missions recent environmen-
tal study of the nuclear sta-
tion at Glen Rose quantifies
the risks that can be predict-

RADIAION CAN reach
the public from the plant by
three main pathways: from
the routine low-level emis-
sions of gases and liquids;
from exposure to the ra-
dioactive wastes that must
be removed periodically and
shipped to processing and

- storage. sites up to 1500
miles away; and from any
accidental releases resulting
from malfunctioning of the
plant.

The ,biologically-effective
dosage of radiation is mea-
sured in rems (Roentgen
Equivalent in Man) and in

(mrems), which
are thousandth parts of
rams.' In the environmental
study, final dosage estimates
are in man-rems, a summa-
tion of whole-body doses to
the affected population. (If
1,000 people receive a dgie of
1 an each or if two plbple
receive doses of 300 mrems
each the total exposure is 1
man-rem).

3?

THUS, SINCE backgro9d
radiation (excluding -any
medical,-' exposttrel aver-
ages; -4 out lit- rems a year
in flu ;art of Texas, one
in people are receiving

00,000 man -reins here now
fronr-natural sources. (On a
national average, people re-

' eeiver 50 tnrems or more a
year from medical and den-

-tit X-rays hnd therapy.,
Radiation' by altpathways

from the plant is estimated
t add only 15 ffign-rems a

PRI." ta.- that -100,000 man--...,,
ms.

AS ANOTHER point of re,_
ference, the Federal Radia-

on Council's recommended,
I mitt on exposure from all.
ources' other than back-
round and Medical are 500
rem *.year for any indivi-
uall and an average 10

rems per year per capita.
' The most significance rou-
tine radiation dotes to the
public here Will be from
emissions of gases and par-

, ticulates 'to the air. From
these sources, when both re-
actors of the plant sr operat-
ings$ radiation is r estimated'
at less than 5 mrems a year
to a person at or beyond the
plant site boundary mid less
than 15 mrems a year to a
child's thyroid through the
pasture-cow-milk cycle (the
humans) ,from a cow in the
nearest potential pasture.

The estimates are based on
the experience of .digier
plants and on the plan t ed
conte61 systems at Comanche
Peak, They assume, of
course, that serious acci-
dents in waste handling and
in the plant operation will be
prevented. *

NEXT: .Nuclesir . wastes,
and widows,

a
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